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A non-contact power receiving apparatus includes a power
reception coil receiving, by electromagnetic resonance, the
electric power transmitted from a power transmission coil; a
rectifier rectifying the electric power received by the power
reception coil, a load receiving the electric power rectified by
the rectifier; a resistance and a connection switch provided in
a pair of power lines for transmitting the electric power from
the power reception coil through the rectifier to the load, the
resistance and the connection switch being connected in
series between the pair of power lines; and a control device.
The control device renders the connection switch conductive
when determining where the power reception coil is posi-
tioned, and renders the connection switch nonconductive
when the electric power is transmitted to the load from the
power reception coil through the rectifier.
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NON-CONTACT POWER RECEIVING
APPARATUS AND VEHICLE HAVING THE
SAME

TECHNICAL FIELD

The present invention relates to a non-contact power
receiving apparatus and a vehicle having the same, and par-
ticularly to a non-contact power receiving apparatus having a
power reception coil configured to receive the electric power
by electromagnetic resonance which is transmitted from a
power transmission coil, and a vehicle having the non-contact
power receiving apparatus.

BACKGROUND ART

Japanese Patent Laying-Open No. 2006-345588 (Patent
Document 1) discloses a non-contact power feeding system
using electromagnetic induction which includes positioning
means for moving the position of a primary coil so as to
maximize the power feeding efficiency obtained by the power
feeding efficiency obtaining means.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent Laying-Open No. 2006-
345588

Patent Document 2: Japanese Patent Laying-Open No.
09-182212

Patent Document 3: Pamphlet of International Publication
No. 2007/008646

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

The non-contact power transmission technique for trans-
mitting the electric power in a non-contact manner without
using a power supply cord and a power transmission cable
includes three known techniques including a power transmis-
sion technique performed by using electromagnetic induc-
tion, a power transmission technique performed by using a
microwave and a power transmission technique performed by
the resonance method. Among these techniques, the reso-
nance method is a non-contact, power transmission technique
by which a pair of resonators (a pair of self-resonant coils) is
resonated in the electromagnetic field (near field) to transmit
electric power through the electromagnetic field. This tech-
nique also, allows transmission of a large electric power of
several KW over a relatively long distance (for example, sev-
eral meters).

The non-contact power feeding apparatus disclosed in the
above-mentioned Japanese Patent Laying-Open No, 2006-
345588 requires the positioning means for movably support-
ing the primary coil to be provided in the power feed facility,
which causes an increase in size of the apparatus. In order to
expand the use of the apparatus for a generally used vehicle,
amore simple system configuration is desirable. Also as to the
resonance method, it is required to devise a simplified posi-
tion detecting method.

An object of the present invention is to provide a non-
contact power receiving apparatus having a simplified con-
figuration while ensuring the accuracy of parking of a vehicle
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in the power feed facility, and a vehicle having the non-
contact power receiving apparatus.

Means for Solving the Problems

In summary, the present invention provides a non-contact
power receiving apparatus receiving electric power from a
power transmission coil for transmitting the electric power
received from a power supply. The non-contact power receiv-
ing apparatus includes a power reception coil configured to
receive, by electromagnetic resonance, the electric power
transmitted from the power transmission coil; a rectifier con-
figured to rectify the electric power received by the power
reception coil; a load disposed to receive the electric power
rectified by the rectifier; a resistance and a connection switch
provided in a pair of power lines for transmitting the electric
power from the power reception coil through the rectifier to
the load, the resistance and the connection switch being con-
nected in series between the pair of power lines; and a control
device for controlling the connection switch to determine
whether the power reception coil is positioned with respect to
the power transmission coil such that the power reception coil
can receive the electric power. The control device renders the
connection switch conductive when determining where the
power reception coil is positioned, and renders the connection
switch nonconductive when the electric power is transmitted
to the load from the power reception coil through the rectifier.

Preferably, the non-contact power receiving apparatus fur-
ther includes a motor for driving a vehicle and a power storage
device for storing the electric power supplied to the motor.
The load includes a charger for charging the power storage
device. The resistance and the connection switch are disposed
in a portion of the pair of power lines where the rectifier and
the power storage device are connected to each other.

Preferably, the non-contact power receiving apparatus fur-
ther includes a motor for driving a vehicle, a power storage
device for storing the electric power supplied to the motor,
and a secondary coil capable of receiving the electric power
from the power reception coil. The load includes a charger for
charging the power storage device. The resistance and the
connection switch are disposed in a portion of the pair of
power lines where the rectifier and the secondary coil are
connected to each other.

Further preferably, the non-contact power receiving appa-
ratus further includes a voltage sensor for alternating-current
(AC) peak detection for detecting a voltage arising across the
resistance. The control device determines where the power
reception coil is positioned based on a detection result of the
voltage sensor.

Preferably, the power supply and the power transmission
coil are provided in a power feeding apparatus external to a
vehicle. When receiving an instruction from a driver of the
vehicle to supply the electric power, the control device ren-
ders the connection switch conductive to start test transmis-
sion of the electric power to the power feeding apparatus, and,
based on a magnitude of a voltage arising across the resis-
tance, determines whether the power reception coil is posi-
tioned with respect to the power transmission coil such that
the power reception coil can receive the electric power.

Further preferably, the control device determines a direc-
tion of the vehicle to be moved so as to position the power
reception coil with respect to the power transmission coil
such that the power reception coil can receive the electric
power, while repeatedly determining whether the power
reception coil is positioned with respect to the power trans-
mission coil such that the power reception coil can receive the
electric power.
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Preferably, an impedance of the resistance is matched to
the impedance of the power supply.

In another aspect, the present invention provides a vehicle
equipped with any non-contact power receiving apparatus
described above.

Effects of the Invention

According to the present invention, in the case of using the
resonance method, it can be determined in a simple configu-
ration whether or not the vehicle is appropriately positioned.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an overall configuration diagram of a vehicle
power feeding system in accordance with an embodiment of
the present invention.

FIG. 2 is a diagram for illustrating the principle of power
transmission by the resonance method.

FIG. 3 is a diagram showing the relationship between the
distance from a current source (a magnetic current source)
and the intensity of the electromagnetic field.

FIG. 4 is a configuration diagram showing the details of a
vehicle 100 shown in FIG. 1.

FIG. 5 is a circuit diagram for illustrating a power reception
unit 110 on the vehicle side and a power transmission unit 220
on the power feeding apparatus side in greater detail.

FIG. 6 is a functional block diagram of a control device 180
shown in FIG. 4,

FIG. 7 is a flowchart for illustrating the control performed
in the stage where the vehicle position is adjusted during the
non-contact power feeding.

FIG. 8 is a diagram showing the relationship between the
primary side voltage and a distance L.

FIG. 9 is a diagram showing the relationship between the
secondary side voltage and distance L.

FIG. 10 is a diagram showing the relationship between the
primary side current and distance L.

FIG. 11 is a diagram showing the state where the differen-
tial value of distance L reaches zero.

FIG. 12 is an operation waveform diagram for illustrating
the charging operation in accordance with the embodiment of
the present invention.

FIG. 13 is a diagram showing the position of a resistance
for detecting a test signal in the second embodiment.

FIG. 14 is a diagram showing an example of the configu-
ration of a voltage sensor 190A.

MODES FOR CARRYING OUT THE INVENTION

The embodiments of the present invention will be herein-
after described in detail with reference to the accompanying
drawings, in which the same or corresponding components
are designated by the same reference characters, and descrip-
tion thereof will not be repeated.

First Embodiment

FIG. 1 is an overall configuration diagram of a vehicle
power feeding system in accordance with the embodiment of
the present invention.

Referring to FIG. 1, a vehicle power feeding system 10
includes a vehicle 100 and a power feeding apparatus 200.
Vehicle 100 includes a power reception unit 110, a camera
120 and a communication unit 130.

Power reception unit 110 is installed on the floor of the
vehicle body and configured to receive the electric power
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4

from a power transmission unit 220 of power feeding appa-
ratus 200 in a non-contact manner. Specifically, power recep-
tion unit 110 includes a self-resonant coil described later
which resonates with the self-resonant coil provided in power
transmission unit 220 through the electromagnetic field for
receiving the electric power from power transmission unit
220 in a non-contact manner. Camera 120 is provided for
sensing the positional relationship between power reception
unit 110 and power transmission unit 220 and attached, for
example, to the vehicle body so as to allow camera 120 to
capture an image of the scene behind the vehicle. Communi-
cation unit 130 serves as acommunication interface for estab-
lishing communication between vehicle 100 and power feed-
ing apparatus 200.

Power feeding apparatus 200 includes a high-frequency
power supply apparatus 210, power transmission unit 220, a
light emitting unit 230, and a communication unit 240. For
example, high-frequency power supply apparatus 210 con-
verts the commercial AC power supplied from the system
power supply into a high frequency electric power, and out-
puts the power to power transmission unit 220. It is to be noted
that the frequency of the high-frequency electric power gen-
erated by high-frequency power supply apparatus 210 is, for
example, 1 MHz to several tens of MHz.

Power transmission unit 220 is fixed onto the floor of the
parking space and configured such that the high-frequency
electric power supplied from high-frequency power supply
apparatus 210 is transmitted to power reception unit 110 of
vehicle 100 in a non-contact manner. Specifically, power
transmission unit 220 includes a self-resonant coil which
resonates with the self-resonant coil included in power recep-
tion unit 110 through the electromagnetic field for transmit-
ting the electric power to power reception unit 110 in a non-
contact manner. A plurality of light emitting units 230 are
provided on power transmission unit 220 to show the position
of power transmission unit 220. Light emitting unit 230
includes, for example, a light-emitting diode and the like.
Communication unit 240 serves as a communication inter-
face for establishing communication between power feeding
apparatus 200 and vehicle 100.

In the above-described vehicle power feeding system 10,
the high-frequency electric power is supplied from power
transmission unit 220 of power feeding apparatus 200, and
the self-resonant coil included in power reception unit 110 of
vehicle 100 and the self-resonant coil included in power
transmission unit 220 resonate with each other through the
electromagnetic field, which causes power feeding apparatus
200 to supply the electric power to vehicle 100.

When power feeding apparatus 200 supplies the electric
power to vehicle 100, it is necessary to guide vehicle 100 to
power feeding apparatus 200 and adjust the positions of
power reception unit 110 of vehicle 100 and power transmis-
sion unit 220 of power feeding apparatus 200.

In the position adjustment, in the first stage, the positional
relationship between power reception unit 110 of vehicle 100
and power transmission unit 220 of power feeding apparatus
200 is sensed based on the image captured by camera 120.
Based on the sensed result, the vehicle is controlled such that
the vehicle is guided to power transmission unit 220. More
specifically, camera 120 captures images of light emitting
units 230 provided on power transmission unit 220, which is
followed by the image recognition of the position and the
direction of each of light emitting units 230. Based on the
results of the image recognition, the position and the direction
of each of power transmission unit 220 and the vehicle are
recognized. Then, based on the recognition results, the
vehicle is guided to power transmission unit 220.
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Since the area of power transmission unit 220 facing power
reception unit 110 is smaller than the area of the floor of the
vehicle body, camera 120 cannot capture an image of power
transmission unit 220 when power transmission unit 220 is
moved to be located below the vehicle body. In such a case,
the first stage is switched to the second stage. In the second
stage, power transmission unit 220 supplies the electric
power to power reception unit 110, and, based on the power
feeding condition, the distance between power transmission
unit 220 and power reception unit 110 is sensed. Then, based
on the distance information, the vehicle is controlled such that
the positions of power transmission unit 220 and power
reception unit 110 are adjusted.

The electric power transmitted as a test signal from power
transmission unit 220 in the above-mentioned second stage is
set to be smaller in magnitude than the electric power for
charging that is supplied from power transmission unit 220 to
power reception unit 110 after completion of position adjust-
ment between power transmission unit 220 and power recep-
tion unit 110. The reason why the electric power is transmit-
ted from power transmission unit 220 in the above-mentioned
second stage is to sense the distance between power transmis-
sion unit 220 and power reception unit 110, and is because a
large electric power used for practical power feeding is not
required.

The non-contact power feeding method used for vehicle
power feeding system 10 according to the present embodi-
ment will then be described. In vehicle power feeding system
10 according to the present embodiment, the resonance
method is used to supply the electric power from power
feeding apparatus 200 to vehicle 100.

FIG. 2 is a diagram for illustrating the principle of power
transmission by the resonance method.

Referring to FIG. 2, according to this resonance method, as
in the case where two tuning forks resonate with each other,
two LC resonant coils having the same natural frequency
resonate with each other in the electromagnetic field (near
field), which causes the electric power to be transmitted from
one of the coils to the other of the coils through the electro-
magnetic field.

Specifically, a primary coil 320 is connect to a high-fre-
quency power supply 310 to supply the electric power having
a high-frequency of 1 M to several tens of MHz to a primary
self-resonant coil 330 magnetically coupled to primary coil
320 by electromagnetic induction. Primary self-resonant coil
330 is an L.C resonator consisting of an inductance of the coil
itself and a stray capacitance, and resonates through the elec-
tromagnetic field (near field) with a secondary self-resonant
coil 340 having the same resonance frequency as that of
primary self-resonant coil 330. This causes the energy (elec-
tric power) to be transferred from primary self-resonant coil
330 through the electromagnetic field to secondary self-reso-
nant coil 340. The energy (electric power) transferred to sec-
ondary self-resonant coil 340 is extracted by a secondary coil
350 magnetically coupled to secondary self-resonant coil 340
by electromagnetic induction, and supplied to a load 360. It is
to be noted that the power transmission by the resonance
method is implemented when a Q value showing the intensity
of the resonance between primary self-resonant coil 330 and
secondary self-resonant coil 340 is greater than, for example,
100.

As compared to FIG. 1, secondary self-resonant coil 340
and secondary coil 350 correspond to power reception unit
110 in FIG. 1, and primary coil 320 and primary self-resonant
coil 330 correspond to power transmission unit 220 in FIG. 1.
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FIG. 3 is a diagram showing the relationship between the
distance from a current source (a magnetic current source)
and the intensity of the electromagnetic field.

Referring to FIG. 3, the electromagnetic field includes
three components. A curve kl represents a component
inversely proportional to the distance from the wave source
and is referred to as a “radiation electromagnetic field”. A
curve k2 represents a component inversely proportional to the
square of the distance from the wave source and is referred to
as an “induction electromagnetic field”. Furthermore, a curve
k3 represents a component inversely proportional to the cube
of the distance from the wave source and is referred to as an
“electrostatic magnetic field”.

Among others, there is a region where the intensity of the
electromagnetic wave sharply decreases in accordance with
the distance from the wave source. In the resonance method,
this near field (evanescent field) is used to transmit the energy
(electric power). In other words, the near field is used to cause
resonance between a pair of resonators (for example, a pair of
LC resonant coils) having the same natural frequency, to
thereby transmit the energy (electric power) from one of the
resonators (primary self-resonant coil) to the other of the
resonators (secondary self-resonant coil). This near field does
not allow propagation of the energy (electric power) over a
long distance. Accordingly, as compared to the electromag-
netic wave carrying the energy (electric power) by the “radia-
tion electromagnetic field” allowing propagation of the
energy over a long distance, the resonance method allows
power transmission with reduced energy loss.

FIG. 4 is a configuration diagram showing the details of
vehicle 100 shown in FIG. 1.

Referring to FIG. 4, vehicle 100 includes a power storage
device 150, a system main relay SMR1, a boost converter 162,
inverters 164, 166, motor generators 172, 174, an engine 176,
a power split device 177, and a driving wheel 178.

Vehicle 100 further includes a secondary self-resonant coil
112, a secondary coil 114, a rectifier 140, a DC/DC converter
142, a system main relay SMR2, and a voltage sensor 190.

Vehicle 100 further includes a charger 191 and an inlet 192
for plug-in charging for receiving the electric power from a
power supply 194 external to the vehicle. Vehicle 100 further
includes a control device 180, a camera 120, a communica-
tion unit 130, and a power feed button 122.

Vehicle 100 is equipped with engine 176 and motor gen-
erator 174 as a power source. Engine 176 and motor genera-
tors 172 and 174 are coupled to power split device 177.
Vehicle 100 runs with the driving power generated by at least
one of engine 176 and motor generator 174. The power gen-
erated by engine 176 is split by power split device 177 into
two paths including a path through which the power is trans-
mitted to driving wheel 178 and a path through which the
power is transmitted to motor generator 172.

Motor generator 172 is an AC rotating electric machine
including, for example, a three-phase AC synchronous elec-
tric motor provided with a rotor into which a permanent
magnet is incorporated. Motor generator 172 generates elec-
tric power using the kinetic energy of engine 176 split by
power split device 177. For example, when the state of charge
(also referred to as an “SOC”) of power storage device 150 is
reduced below a predetermined value, engine 176 is started
and motor generator 172 generates electric power, to charge
power storage device 150.

Motor generator 174 is also an AC rotating electric
machine including, for example, a three-phase AC synchro-
nous electric motor provided with a rotor into which a per-
manent magnet is incorporated, as with motor generator 172.
Motor generator 174 generates driving force using at least one
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of' the electric power stored in power storage device 150 and
the electric power generated by motor generator 172. The
driving force of motor generator 174 is then transmitted to
driving wheel 178.

Furthermore, during braking of the vehicle and during
reduction in acceleration on the downwardly sloping surface,
the dynamic energy stored in the vehicle as kinetic energy and
potential energy is used for rotary drive of motor generator
174 through driving wheel 178, to cause motor generator 174
to operate as a power generator. Consequently, motor genera-
tor 174 operates as a regenerative brake for converting the
driving energy into electric power to generate braking force.
The electric power generated by motor generator 174 is then
stored in power storage device 150.

Power split device 177 can use a planetary gear having a
sun gear, a pinion gear, a carrier, and a ring gear. The pinion
gear engages with the sun gear and the ring gear. The carrier
is coupled to the crankshaft of engine 176 while rotatably
supporting the pinion gear. The sun gear is coupled to the
rotation shaft of motor generator 172. The ring gear is coupled
to the rotation shaft of motor generator 174 and driving wheel
178.

Power storage device 150 serves as a rechargeable direct-
current (DC) power supply including, for example, a second-
ary battery such as lithium-ion or nickel-metal hydride sec-
ondary battery. Power storage device 150 stores the electric
power supplied from DC/DC converter 142, and also stores
the regenerative electric power generated by motor genera-
tors 172 and 174. Power storage device 150 then supplies the
stored electric power to boost converter 162. It is to be noted
that a large-capacity capacitor may also be employed as
power storage device 150 and any power buffer may be used
that can temporarily store the electric power supplied from
power feeding apparatus 200 (FIG. 1) and the regenerative
electric power from motor generators 172 and 174, to supply
the stored electric power to boost converter 162.

System main relay SMR1 is disposed between power stor-
age device 150 and boost converter 162. System main relay
SMR1 electrically connects power storage device 150 to
boost converter 162 when a signal SE1 from control device
180 is activated, and interrupts the electric path between
power storage device 150 and boost converter 162 when
signal SE1 is deactivated. Based on a signal PWC from con-
trol device 180, boost converter 162 boosts the voltage on a
positive electrode line P12 to a voltage greater than or equal
to the voltage output from power storage device 150. Itis to be
noted that boost converter 162 includes, for example, a DC
chopper circuit.

Inverters 164 and 166 are provided corresponding to motor
generators 172 and 174, respectively. Inverter 164 drives
motor generator 172 based on a signal PWI1 from control
device 180, and inverter 166 drives motor generator 174
based on a signal PWI2 from control device 180. It is to be
noted that inverters 164 and 166 include, for example, a
three-phase bridge circuit.

Secondary self-resonant coil 112 has both ends connected
to capacitor 111 through a switch (a relay 113), and resonates
with the primary resonant coil of power feeding apparatus
200 through the electromagnetic field when the switch (relay
113) is rendered conductive. This resonance causes power
feeding apparatus 200 to supply the electric power. While
FIG. 4 shows an example in which capacitor 111 is provided,
adjustment with respect to the primary self-resonant coil may
be carried out so as to achieve resonance by stray capacitance
of the coil, in place of the capacitor.

With regard to secondary self-resonant coil 112, the num-
ber of its turns is appropriately set so as to increase the
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distance to the primary self-resonant coil of power feeding
apparatus 200, a Q value (for example, Q>100) showing the
intensity of the resonance between the primary self-resonant
coil and secondary self-resonant coil 112, and is showing the
degree of coupling therebetween.

Secondary coil 114 is coaxially disposed on secondary
self-resonant coil 112 and can be magnetically coupled to
secondary self-resonant coil 112 by electromagnetic induc-
tion. This secondary coil 114 extracts, by electromagnetic
induction, the electric power supplied from secondary self-
resonant coil 112 and outputs the electric power to rectifier
140. It is to be noted that secondary self-resonant coil 112 and
secondary coil 114 form a power reception unit 110 shown in
FIG. 1.

Rectifier 140 rectifies the AC power extracted by secondary
coil 114. Based on a signal PWD from control device 180,
DC/DC converter 142 converts the electric power rectified by
rectifier 140 into the voltage level of power storage device
150, and outputs the resultant to power storage device 150.

System main relay SMR2 is disposed between DC/DC
converter 142 and power storage device 150. When a signal
SE2 from control device 180 is activated, system main relay
SMR2 electrically connects power storage device 150 to
DC/DC converter 142. When signal SE2 is deactivated, sys-
tem main relay SMR2 interrupts the electric path between
power storage device 150 and DC/DC converter 142. Voltage
sensor 190 detects a voltage VR between rectifier 140 and
DC/DC converter 142, and outputs the detected value to con-
trol device 180.

A resistance 144 and a relay 146 which are connected in
series are provided between rectifier 140 and DC/DC con-
verter 142. Relay 146 is controlled by control device 180 such
that it is rendered conductive when the position of vehicle 100
is adjusted during the non-contact power feeding, as
described below.

Based on the accelerator pedal position, the vehicle speed
and the signals from various sensors, control device 180
generates signals PWC, PWI1 and PWI2 for driving boost
converter 162, motor generators 172 and 174, respectively.
Control device 180 outputs generated signals PWC, PWI1
and PWI2 to boost converter 162, inverters 164 and 166,
respectively. During the vehicle running, control device 180
activates signal SE1 to cause system main relay SMR1 to be
turned on, and deactivates signal SE2 to cause system main
relay SMR2 to be turned off.

Furthermore, when power feeding apparatus 200 (FIG. 1)
feeds the electric power to vehicle 100, control device 180
receives the image captured by and sent from camera 120.
Furthermore, control device 180 receives, from power feed-
ing apparatus 200 through communicationunit 130, the infor-
mation on the electric power (voltage and current) which is
transmitted from power feeding apparatus 200, and also
receives, from voltage sensor 190, the detected value of volt-
age VR which is detected by voltage sensor 190. Based on the
data, control device 180 controls the vehicle parking by the
method described below such that the vehicle is guided to
power transmission unit 220 of power feeding apparatus 200
(FIG.1).

When the parking control to power transmission unit 220 is
completed, control device 180 transmits a power feeding
command to power feeding apparatus 200 through commu-
nication unit 130, and also activates signal SE2 to cause
system main relay SMR2 to be turned on. Control device 180
then generates signal PWD for driving DC/DC converter 142
and outputs the generated signal PWD to DC/DC converter
142.
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FIG. 5 is a circuit diagram for illustrating power reception
unit 110 on the vehicle side and power transmission unit 220
on the power feeding apparatus side in greater detail.

Referring to FIG. 5, high-frequency power supply appara-
tus 210 is represented by a high-frequency AC power supply
213 and a resistance 211 which shows an impedance of the
power supply.

Power transmission unit 220 includes a primary coil 232
connected to high-frequency power supply apparatus 210, a
primary self-resonant coil 234 magnetically coupled to pri-
mary coil 232 by electromagnetic induction, and a capacitor
242 connected to both ends of primary self-resonant coil 234.

Power reception unit 110 includes secondary self-resonant
coil 112 resonating with primary self-resonant coil 234
through the electromagnetic field, and capacitor 111 and relay
113 connected in series to both ends of secondary self-reso-
nant coil 112. When receiving the electric power, relay 113 is
controlled such that it is rendered conductive.

Power reception unit 110 further includes secondary coil
114 magnetically couple to secondary self-resonant coil 112.
Rectifier 140 rectifies the AC power received by secondary
coil 114. A capacitor C1 is connected to the output of rectifier
140. Relay 146 and resistance 144 used for the position
adjustment between the vehicle and the power feed facility
are connected between the electrodes of capacitor C1 A
charger 142 (DC/DC converter) is further connected to the
output of rectifier 140 for converting the voltage into a suit-
able charging voltage. The converted charging voltage is sup-
plied to the battery (power storage device 150).

Resistance 144 is set to an impedance of, for example, 50€2.
This value is adjusted so as to be matched to the impedance
represented by resistance 211 of high-frequency power sup-
ply apparatus 210.

When the parking position of the vehicle is adjusted during
the non-contact power feeding to the vehicle, voltage sensor
190 detects the voltage across resistance 144 and outputs the
detected value VR to control device 180.

When adjustment of the vehicle position is completed and
the vehicle is charged by the external power supply through
the non-contact power feeding, voltage sensor 190 detects the
voltage input to charger 142 as detected value VR.

FIG. 6 is a functional block diagram of control device 180
shown in FIG. 4.

Referring to FIG. 6, control device 180 includes an IPA
(Intelligent Parking Assist)-ECU (Electronic Control Unit)
410, an EPS (Flectric Power Steering) 420, an MG (Motor-
Generator)-ECU 430, an ECB (Electronically Controlled
Brake) 440, an EPB (Electric Parking Brake) 450, a reso-
nance ECU 460, and an HV (Hybrid Vehicle)-ECU 470.

When the vehicle is operated in the charging mode, IPA-
ECU 410 performs the guidance control for guiding the
vehicle to power transmission unit 220 of power feeding
apparatus 200 (FIG. 1) based on the image information
received from camera 120 (the first guidance control).

Specifically, IPA-ECU 410 recognizes power transmission
unit 220 based on the image information received from cam-
era 120. In this case, light emitting units 230 for showing the
position and the direction of power transmission unit 220 are
provided in power transmission unit 220. Based on the images
of light emitting units 230 captured by camera 120, [PA-ECU
410 recognizes the positional relationship (approximate dis-
tance and direction) with power transmission unit 220. Based
on the recognition result, IPA-ECU 410 outputs a command
to EPS 420 to guide the vehicle to power transmission unit
220 in the appropriate direction.

Furthermore, the vehicle approaches power transmission
unit 220 to cause power transmission unit 220 to be located
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below the vehicle body, which prevents camera 120 from
capturing an image of power transmission unit 220. Then,
IPA-ECU 410 notifies HV-ECU 470 of termination of the
guidance control (the first guidance control) based on the
image information from camera 120. During the first guid-
ance control, EPS 420 automatically controls the steering
based on the command from IPA-ECU 410.

Based on the command from HV-ECU 470, MG-ECU 430
controls motor generators 172, 174 and boost converter 162.
Specifically, MG-ECU 430 generates signals for driving
motor generators 172, 174 and boost converter 162, respec-
tively, and outputs the signals to inverters 164, 166 and boost
converter 162, respectively.

ECB 440 controls braking of the vehicle based on the
command from HV-ECU 470. Specifically, based on the com-
mand from HV-ECU 470, ECB 440 controls the hydraulic
brake, and also controls the hydraulic brake and the regen-
erative brake by motor generator 174 to operate cooperatively
with each other. EPB 450 controls a motor-driven parking
brake based on the command from HV-ECU 470.

Resonance ECU 460 receives, from power feeding appa-
ratus 200 through communication unit 130, the information
on the electric power transmitted from power feeding appa-
ratus 200 (FIG. 1). Furthermore, resonance ECU 460
receives, from voltage sensor 190 (FIG. 4), the detected value
of voltage VR showing the power reception voltage in the
vehicle. Resonance ECU 460 then senses the distance
between power transmission unit 220 of power feeding appa-
ratus 200 and power reception unit 110 of the vehicle, for
example, by comparing voltage VR with the power transmis-
sion voltage from power feeding apparatus 200.

FIG. 7 is a flowchart for illustrating the control performed
in the stage where the vehicle position is adjusted during the
non-contact power feeding. The left half of FIG. 7 shows the
control procedure carried out on the vehicle side, and the right
half thereof shows the control procedure carried out on the
power feeding apparatus side.

Referring to FIGS. 1 and 7, first on the vehicle side, the
process of bringing the vehicle to a stop is carried out in step
S1. Then, in step S2, it is detected whether power feed button
122 is set to the ON state. In the case where the power feed
button is not set to the ON state, control device 180 waits until
the power feed button is set to the ON state. In the case where
itis detected in step S2 that power feed button 122 is set to the
ON state, the process proceeds to step S3. In step S3, control
device 180 uses communication unit 130 to start communi-
cation with power feeding apparatus 200.

On the power feeding apparatus side, when the process is
started in step S51, the power feeding apparatus waits in step
S52 until it receives communication from the vehicle side. In
the case where a request to start the communication is issued,
the communication is started in step S53. Then in step S54,
the power feeding apparatus waits that a test signal transmis-
sion request is brought into the ON state.

On the vehicle side, the process of starting the communi-
cation in step S3 is followed by the control process for setting
relay 113 to the ON state in step S4. In step S5, the parking
control is started. The parking control is carried out using the
IPA (intelligent parking assist) system employing the camera
in the first stage.

When the vehicle approaches the power feeding position to
some extent, a distance detection request is set to the ON state
within control device 180. Then, the process proceeds from
step S6 to step S7, and control device 180 sets relay 146 to the
ON state. In step S8, control device 180 notifies the power
feeding apparatus side that the test signal transmission
request is set to the ON state. Then, in step S54, the power
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feeding apparatus detects that the test signal transmission
request is set to the ON state, and proceeds to step S55 to
transmit the test signal to the vehicle. As to this test signal,
although the electric power similar to that transmitted after
start of charging may be transmitted, it is preferable to set the
test signal to be weaker than that transmitted during the prac-
tical power transmission.

This test signal is used to detect that the vehicle reaches the
distance where the electric power can be supplied, based on
the fact that the voltage arising across resistance 144 reaches
a certain voltage.

FIG. 8 is a diagram showing the relationship between the
primary side voltage and a distance L.

FIG. 9 is a diagram showing the relationship between the
secondary side voltage and distance L.

Specifically, as compared to the fixed primary side voltage
(the voltage output from power feeding apparatus 200) as
shown in FIG. 8, the secondary side voltage (the power recep-
tion voltage of vehicle 100) varies, as shown in FIG. 9, in
accordance with a distance [ between power transmission
unit 220 of power feeding apparatus 200 and power reception
unit 110 of vehicle 100. Thus, the relationship between the
primary side voltage and the secondary side voltage shown in
FIGS. 8 and 9, respectively, is measured in advance to create
a map and the like, to thereby allow detection of the distance
between power transmission unit 220 and power reception
unit 110 based on the detected value of voltage VR which
shows the secondary side voltage.

Itis to be noted that the distance can also be detected based
on the primary side current.

FIG. 10 is a diagram showing the relationship between the
primary side current and distance L.

As shown in FIG. 10, the primary side current (the current
output from power feeding apparatus 200) also varies in
accordance with distance . between power transmission unit
220 and power reception unit 110. By using this relationship,
the distance between power transmission unit 220 and power
reception unit 110 may be sensed based on the detected value
of the current output from power feeding apparatus 200.

Referring back to FIG. 6, when resonance ECU 460 senses
the distance between power transmission unit 220 and power
reception unit 110, it outputs the distance information to
HV-ECU 470. Furthermore, when resonance ECU 460
receives a charging start command from HV-ECU 470, it
activates signal SE2 output to system main relay SMR2 to
cause system main relay SMR2 to be turned on. Resonance
ECU 460 then generates a signal for driving DC/DC converter
142, and outputs the signal to DC/DC converter 142.

When the vehicle is operated in the running mode, HV-
ECU 470 outputs a control command to MG-ECU 430 and
ECB 440 in accordance with the manipulation condition of an
accelerator pedal/a brake pedal, the running condition of the
vehicle, and the like. Furthermore, when the operator oper-
ates the parking brake switch and the like to provide an
instruction to actuate the parking brake, HV-ECU 470 outputs
an operation command to EPB 450.

On the other hand, when the vehicle is operated in the
charging mode, HV-ECU 470 establishes communication
with power feeding apparatus 200 (FIG. 1) through commu-
nication unit 130, and outputs an activation command to
power feeding apparatus 200 through communication unit
130 to activate power feeding apparatus 200. When power
feeding apparatus 200 is activated, HV-ECU 470 outputs a
command to power feeding apparatus 200 through commu-
nication unit 130 to turn on light emitting units 230 to light up
which are provided on power transmission unit 220 of power
feeding apparatus 200. When light emitting units 230 are
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turned on, HV-ECU 470 outputs, through communication
unit 130 to power feeding apparatus 200, a guidance-under-
control signal showing that the guidance control for guiding
vehicle 100 to power transmission unit 220 is being carried
out, and also outputs a command to IPA-ECU 410 to instruct
to carry out the guidance control (the first guidance control)
based on the image information from camera 120.

Furthermore, when HV-ECU 470 receives a notification
from IPA-ECU 410 that the first guidance control is ended, it
carries out the guidance control based on the information on
the distance between power transmission unit 220 and power
reception unit 110 (the second guidance control). Specifi-
cally, HV-ECU 470 receives the information on the distance
between power transmission unit 220 of power feeding appa-
ratus 200 and power reception unit 110 of the vehicle from
resonance ECU 460. Based on the distance information, HV-
ECU 470 outputs a command to MG-ECU 430 and ECB 440
controlling driving and braking, respectively, of the vehicle so
as to minimize the distance between power transmission unit
220 and power reception unit 110.

Itis determined whether the distance between power trans-
mission unit 220 and power reception unit 110 is minimized,
for example, based on the time when the differential value of
distance L. between power transmission unit 220 and power
reception unit 110 received from resonance ECU 460 reaches
Zero.

FIG. 11 is a diagram showing the state where the differen-
tial value of distance L reaches zero. The vehicle needs to be
stopped only when dL/Dt=0 as shown in FIG. 11. When
position adjustment between power transmission unit 220
and power reception unit 110 is completed, HV-ECU 470
outputs an operation command to EPB 450.

Referring back to FIG. 7, in step S10, while repeatedly
determining whether the power reception coil (secondary
self-resonant coil 112) is positioned with respect to the power
transmission coil (primary self-resonant coil 234) such that
the power reception coil can receive the electric power, con-
trol device 180 determines the direction of the vehicle to be
moved so as to position the power reception coil with respect
to the power transmission coil such that the power reception
coil can receive the electric power.

When it is determined in step S10 that the parking position
is settled and the parking is completed, the process proceeds
from step S10 to step S11. Control device 180 in the vehicle
then sets the test signal transmission request to the OFF state.
When the power feeding apparatus is notified of this setting
through communication, it is detected in step S56 that the test
signal transmission request is switched to the OFF state, and
then, the transmission of the test signal is stopped.

On the power feeding apparatus side, it is then detected in
step S57 whether a power feeding request is switched to the
ON state.

On the vehicle side, the test signal transmission request is
set to the OFF state in step S11. It is then determined in step
S12 whether voltage VR is reduced below a predetermined
value. In step S12, it is waited until voltage VR is reduced
below the predetermined value. Then, the process proceeds
from step S12 to step S13.

In step S13, relay 146 is controlled such that it is brought
from the ON state into the OFF state. HV-ECU 470 then
outputs a power feeding command through communication
unit 130 to power feeding apparatus 200 to cause power
feeding apparatus 200 to feed the electric power, and also
outputs a charging start command to resonance ECU 460.
Then, in step S14, HV-ECU 470 communicates with the
power feeding apparatus to notify that the power feeding
request is set to the ON state.
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On the power feeding apparatus side, in step S57, it is
detected that the power feeding request is brought into the ON
state. In step S58, power feeding is started. Accordingly, on
the vehicle side, the power reception is started in step S15.

FIG. 12 is an operation waveform diagram for illustrating
the charging operation in accordance with the embodiment of
the present invention.

Referring to FIG. 12, the power supply of the power feed-
ing apparatus is activated from the OFF state to the ON state
at a time t1, which causes the control ECU of the power
feeding apparatus to be also activated from the OFF state to
the ON state.

The activation switch of the vehicle is manipulated at a
time t2. Then, at a time t3, the communication unit starts the
communication which is then switched from the OFF state to
the ON state.

Then, at a time t4, when the charge button (power feed
button 122 in FIG. 4) is set from the OFF state to the ON state,
it is determined whether or not there is an input of a signal
CNCT showing whether the plug-in charging is carried out by
inlet 192. If signal CNCT is in the ON state, plug-in charging
from an external power supply 194 is carried out. If signal
CNCT is in the OFF state, non-contact charging is carried out
without employing the plug-in charging. This determination
is made at the timing at which the charge button is set from the
OFF state to the ON state. Then, in the case shown in FIG. 12,
since signal CNCT is in the OFF state at time t4, the mode is
determined as a non-contact charging mode. Relay 113 is
switched from the OFF state to the ON state in order to allow
non-contact charging. This causes the impedance of second-
ary self-resonant coil 112 to be matched to the impedance of
primary self-resonant coil 234, which allows power transmis-
sion by the resonance method.

Then, at times t5 to t6, the parking position is adjusted
while carrying out distance detection. First, the distance
detection request is switched from the OFF state to the ON
state, relay 146 is subsequently switched from the OFF state
to the ON state, and then, the test signal request is switched
from the OFF state to the ON state. Accordingly, the power
feeding apparatus starts test transmission of the electric
power for distance detection. Voltage VR varies accordingly.
On the vehicle side, control device 180 detects the distance
between the power feeding unit and the power reception unit
by referring to the relationship shown in FIG. 9. When it is
detected that the units are positioned at an appropriate dis-
tance from each other (distance detection is switched from
ON to OFF), the test signal request is also switched from the
ON state to the OFF state, and relay 146 is also switched from
the ON state to the OFF state, with the result that charger 142
can receive the electric power.

When the shift operation, that is, the shift changed to the
parking position, is detected at time t6, system main relay
SMR2 in FIG. 4 is controlled such that it is rendered conduc-
tive. Then, the vehicle issues a charging request to the power
feeding apparatus and also sends a power command as a value
through communication. Consequently, voltage VR is
applied to charger 142 to start charging, which causes a
gradual increase in state of charge SOC of the battery.

At atime t8, when state of charge SOC reaches a threshold
value at which charging is to be stopped, the power feeding
request from the vehicle to the power feeding apparatus is
switched to the OFF state while the power command is also
changed to 0 (zero). In response to this, the power feeding
apparatus sets the output power back to 0 to stop power
transmission. Then, after it is waited until the electric charges
charged in capacitor C1 in FIG. 5 are discharged, system main
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relay SMR2 in FIG. 4 is controlled to be set from the ON state
to the OFF state, to complete the charging process.

As described above, in the first embodiment, resistance 144
matched to the impedance of the power supply of the power
feeding apparatus is connected to rectifier 140 and charger
142, to detect the distance by using the results of the test
transmission of the electric power. This allows distance detec-
tion to be made with accuracy and with low electric power by
a simple method.

Second Embodiment

In the first embodiment, resistance 144 for detecting a test
transmission signal is disposed between rectifier 140 and
charger 142, as shown in FIG. 5. Resistance 144 may be
disposed in a different position.

FIG. 13 is a diagram showing the position of the resistance
for detecting a test signal in the second embodiment.

In FIG. 13, a resistance 144A and a relay 146 A are con-
nected in series between the terminals of secondary coil 114.
A capacitor C2 is similarly connected between the terminals
of secondary coil 114.

Relay 146 A is controlled to be rendered conductive when
the parking position is determined while detecting the dis-
tance, and controlled to be in the OFF state when the battery
(power storage device 150) is charged through charger 142.
Secondary coil 114 outputs an AC signal. Accordingly, a
voltage sensor 190A detecting this signal is required to use
the voltage sensor for detecting the AC peak. Since this alter-
nating current has a frequency of a megahertz band, such a
voltage sensor as that incorporating an AD converter having a
sampling frequency set to a higher value is used.

FIG. 14 is a diagram showing an example of the configu-
ration of voltage sensor 190A.

Referring to FIG. 14, voltage sensor 190A includes termi-
nals T1, T2 connected to both ends, respectively, of secondary
coil 114, resistances 512, 516 connected in series for dividing
voltage VR applied across terminals T1 and T2, a capacitor
510 connected in parallel to resistance 512, and a capacitor
514 connected in parallel to resistance 516.

The divided voltage is extracted from the connection node
of resistances 512 and 516. The resistance values of resis-
tances 512 and 516 for determining a divided voltage ratio is
set in accordance with the relationship between an input
voltage VR and the input range of the AD converter.

Voltage sensor 190A includes a coil 506 and a capacitor
508 forming a filter for removing the noise of the divided
voltage, an AD converter 504 receiving an output from the
filter formed of coil 506 and capacitor 508, and a CPU 502
acquiring the measured value which is converted into a digital
value by the AD converter. CPU 502 outputs voltage value VR
to control device 180 in FIG. 4.

Even in the case where the resistance for distance detection
is connected at the position shown in the second embodiment
during the distance detection, the distance detection can be
made with accuracy and with low electric power by a simple
method as in the first embodiment.

It should be understood that the embodiments disclosed
herein are illustrative and non-restrictive in every respect. The
scope of the present invention is defined by the terms of the
claims, rather than the description above, and is intended to
include any modifications within the scope and meaning
equivalent to the terms of the claims.

DESCRIPTION OF THE REFERENCE SIGNS

10 vehicle power feeding system, 100 vehicle, 110 power
reception unit, 111, 113, 242, C1, C2 capacitor, 112, 340
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secondary self-resonant coil, 114, 350 secondary coil, 120
camera, 122 power feed button, 130 communication unit, 140
rectifier, 142, 191 charger, 144, 144A, 211, 512, 516 resis-
tance, 146, 146 A relay, 150 power storage device, 162 boost
converter, 164, 166 inverter, 172, 174 motor generator, 176
engine, 177 power split device, 178 driving wheel, 180 con-
trol device, 190, 190A voltage sensor, 192 inlet, 194 external
power supply, 200 power feeding apparatus, 210 high-fre-
quency power supply apparatus, 213 high-frequency AC
power supply, 220 power transmission unit, 230 light emit-
ting unit, 232, 320 primary coil, 234, 330 primary self-reso-
nant coil, 240 communication unit, 310 high-frequency
power supply, 360 load, 410 IPA-ECU, 420 EPS, 430 MG-
ECU, 440 ECB, 450 EPB, 460 resonance ECU, 470 HV-
ECU, 502 CPU, 504 AD converter, 506 coil, 508, 510, 514
capacitor, PL2 positive electrode line, SMR1, SMR2 system
main relay, T1 terminal.

The invention claimed is:

1. A non-contact power receiving apparatus receiving elec-
tric power from a power transmission coil for transmitting the
electric power received from a power supply, said non-con-
tact power receiving apparatus comprising:

a power reception coil configured to receive, by non-con-
tact power feeding, the electric power transmitted from
said power transmission coil;

a rectifier configured to rectify the electric power received
by said power reception coil;

a load disposed to receive the electric power rectified by
said rectifier;

a resistance and a connection switch provided in a pair of
power lines comprising a first power line and a second
power line for transmitting the electric power from said
power reception coil to said load, wherein the first power
line comprises a first node, wherein the second power
line comprises a second node, and wherein said resis-
tance and said connection switch is connected in series
between said pair of power lines such that the resistance
and a connection switch form a circuit formed in series
in between the first and second nodes; and

a control device for controlling said connection switch.

2. The non-contact power receiving apparatus according to
claim 1, further comprising:

a motor for driving a vehicle; and

a power storage device for storing the electric power sup-
plied to said motor, wherein

said load includes a charger for charging said power stor-
age device, and

said resistance and said connection switch are disposed in
a portion of said pair of power lines where said rectifier
and said power storage device are connected to each
other.

3. The non-contact power receiving apparatus according to

claim 1, further comprising:

a motor for driving a vehicle;

a power storage device for storing the electric power sup-
plied to said motor; and

a secondary coil capable of receiving the electric power
from said power reception coil, wherein

said load includes a charger for charging said power stor-
age device, and

said resistance and said connection switch are disposed in
a portion of said pair of power lines where said rectifier
and said secondary coil are connected to each other.

4. The non-contact power receiving apparatus according to
claim 3, further comprising a voltage sensor for alternating-
current peak detection for detecting a voltage arising across
said resistance, wherein
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said control device determines where said power reception
coil is positioned based on a detection result of said
voltage sensor.

5. The non-contact power receiving apparatus according to

claim 1, wherein

said power supply and said power transmission coil are
provided in a power feeding apparatus external to a
vehicle, and

when receiving an instruction from a driver of said vehicle
to supply the electric power, said control device renders
said connection switch conductive to start test transmis-
sion of the electric power to said power feeding appara-
tus, and, based on amagnitude of a voltage arising across
said resistance, determines whether said power recep-
tion coil is positioned with respect to said power trans-
mission coil such that said power reception coil can
receive the electric power.

6. The non-contact power receiving apparatus according to
claim 5, wherein said control device determines a direction of
the vehicle to be moved so as to position said power reception
coil withrespectto said power transmission coil such that said
power reception coil can receive the electric power, while
repeatedly determining whether said power reception coil is
positioned with respect to said power transmission coil such
that said power reception coil can receive the electric power.

7. The non-contact power receiving apparatus according to
claim 1, wherein an impedance of said resistance is matched
to the impedance of said power supply.

8. A vehicle equipped with the non-contact power receiv-
ing apparatus according to claim 1.

9. A vehicle equipped with the non-contact power receiv-
ing apparatus according to claim 2.

10. A vehicle equipped with the non-contact power receiv-
ing apparatus according to claim 3.

11. A vehicle equipped with the non-contact power receiv-
ing apparatus according to claim 4.

12. A vehicle equipped with the non-contact power receiv-
ing apparatus according to claim 5.

13. A vehicle equipped with the non-contact power receiv-
ing apparatus according to claim 6.

14. A vehicle equipped with the non-contact power receiv-
ing apparatus according to claim 7.

15. The non-contact power receiving apparatus according
to claim 1, wherein

said control device renders said connection switch conduc-
tive in determining where said power reception coil is
positioned, and renders said connection switch noncon-
ductive when the electric power is transmitted to said
load from said power reception coil through said recti-
fier.

16. A non-contact power receiving apparatus receiving
electric power from a power transmission coil for transmit-
ting the electric power received from a power supply, said
non-contact power receiving apparatus comprising:

a power reception coil configured to receive, by non-con-
tact power feeding, the electric power transmitted from
said power transmission coil;

a rectifier configured to rectify the electric power received
by said power reception coil;

a load disposed to receive the electric power rectified by
said rectifier;

a resistance and a connection switch provided in a pair of
power lines for transmitting the electric power from said
power reception coil to said load, said resistance and
said connection switch being connected in series
between said pair of power lines;
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a voltage sensor for alternating-current peak detection for
detecting a voltage arising across said resistance; and

a control device for controlling said connection switch,
wherein said control device determines where said
power reception coil is positioned based on a detection
result of said voltage sensor.

17. A non-contact power receiving apparatus receiving
electric power from a power transmission coil for transmit-
ting the electric power received from a power supply, said
non-contact power receiving apparatus comprising:

a power reception coil configured to receive, by non-con-
tact power feeding, the electric power transmitted from
said power transmission coil;

a rectifier configured to rectify the electric power received
by said power reception coil;

a load disposed to receive the electric power rectified by
said rectifier;

a resistance and a connection switch provided in a pair of
power lines comprising a first power line and a second
power line for transmitting the electric power from said
power reception coil to said load, wherein the first power
line comprises a first node, wherein the second power
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line comprises a second node, and wherein said resis-
tance and said connection switch is connected in series
between said pair of power lines such that the resistance
and a connection switch form a circuit formed in series
in between the first and second nodes;

a voltage sensor for alternating-current peak detection for
detecting a voltage arising across said resistance; and

a control device for controlling said connection switch to
determine whether said power reception coil is posi-
tioned with respect to said power transmission coil such
that said power reception coil can receive the electric
power.

18. The non-contact power receiving apparatus according

to claim 17, wherein:

said control device rendering said connection switch con-
ductive when determining where said power reception
coil is positioned, and rendering said connection switch
nonconductive when the electric power is transmitted to
said load from said power reception coil through said
rectifier.



